of any affectation and his straightforward approach to the m atter in hand. Younger people were specially attracted to him: he never talked down to them and they recognized in him a m an who really understood their aspirations and doubts, their enthusiasms and frustrations, having experienced them all himself. Because of his quietly firm leadership and his obvious integrity and fairness, people were happy to work under Fleck and were inspired to try to emulate his tremendous energy and enthusiasm in the jobs entrusted to them. His many honours and distinctions never spoilt him and he never forgot his old friends and associates. People of all walks of life must have been amazed that someone with such a heavy load of duties and responsibilities could have the interest and could find time to write to them personally in his large sprawling hand, to congratulate on a success or condole on a bereavement.
Early years and academic research
Alexander Fleck was born in Glasgow on 11 November 1889, the only son of Robert Fleck, a coal merchant, and Agnes ( D uncan). The father was himself interested in public affairs and was, for a num ber of years, a town councillor for the burgh of Saltcoats where his portrait hangs in the town hall.
Fleck received his early education at Saltcoats public school and, later, at Hillhead High School in Glasgow. Leaving school at the age of fourteen, he started work as a laboratory assistant in the chemical departm ent of Glasgow University but, by dint of hard work at night classes, was able, eventually, to enter the science faculty of the same University as a full-time student. In 1911 he was awarded an honours degree in chemistry (there was no classification of degrees at that time), with mathematics and geology as subsidiary subjects. Fleck remained on the staff of the University for a further two years as assistant to Frederick Soddy and became involved in research on the radioactive elements. In 1913 he was appointed by the Glasgow and West Scotland Radium Committee to be in charge of its laboratory studying radioactive materials with a view to their possible application to medicine, and this gave him another four years of close contact with Soddy and the University.
His most noteworthy research over this period was the investigation of the chemical properties of thirteen j8 emitting radio-elements. All of these were short-lived and four of them had a half life of less than five minutes, so that the research demanded great experimental skill and the development of techniques for extremely rapid working. He showed that, in all cases, emission of a jS particle resulted in a new element occupying a position one place to the right in the periodic table. Coupled with Soddy's earlier observa tion that loss of an a particle, on the other hand, causes a shift of two places to the left, Fleck's findings successfully deciphered the cryptogram of the atomic table and provided the basis for the Group Displacement Law and the later concept of isotopes and atomic numbers. In 1916 Fleck was awarded the degree of Doctor of Science for his thesis 'Some chapters of the chemistry of the radio-elements'.
Alexander Fleck
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Industrial career
Although, by this time, Fleck had his foot firmly on the academic ladder, this was the stage at which he was destined to turn over to chemical industry and, strangely enough, Soddy was to be partly responsible. Soddy was related by marriage to G. T. Beilby, managing director of the Cassel Cyanide Company, and he and Fleck frequently visited the Maryhill works of that company at weekends to help and advise on various projects. One was the production of the lachrymatory substance, ethyliodoacetate as a possible counter to the gas warfare initiated by the Germans. Fleck was intrigued with the obvious scope for a well-trained scientist in such an industry and the attractive combination of technical, commercial and human interests which industrial employment offered. He became well known to the people in Cassel Cyanide and, through them, with the management of the Castner Kellner Alkali Company, their suppliers of sodium. At the end of 1916, the latter company offered him the job of Chief Chemist of its Wallsend works.
Fleck accepted, although the decision must have been a very difficult one and there must have been many times, in the early days, when he wondered whether it had been a wise one. Chief Chemist was a high-sounding title but the fact was that he had only one other qualified chemist in his depart ment. There was no warm welcome for him at Wallsend particularly from the Works Manager, an old man obsessed with spy mania, who was only slowly persuaded that someone with a name like Fleck could be anything other than a German agent. The sodium process operated at Wallsend was in old plant involving man-handling of both sodium and molten caustic soda and labour relations and general morale were at a very low ebb.
These very difficulties were, in fact, an exciting challenge to Dr Fleck who already, at the age of 27, had ideas about factory management and treatm ent of workmen which he was keen to put into practice. Also, almost simultaneously with his taking up of his new appointment, he had married Isobel Kelly, a gracious lady, shrewd but of the greatest kindliness whose encouragement and companionship was most helpful at this difficult time.
Fleck immediately applied himself to a detailed analysis of the operating snags of the process and to making such modifications as were possible to the existing plant at Wallsend. He also erected a semi-technical scale sodium production unit and carried out experiments with larger cells and on ingenious methods for automatic handling of caustic soda and sodium which provided the basis for the design of later plant. His more spectacular impact, however, particularly after his promotion to Works Manager in 1919, was in the field of labour relations for which, according to T. A. Wallace, a Wallsend colleague, he seemed to have an instinctive flair normally acquired by even the best works managers only after years of experience. His decisions became readily acceptable to those responsible to him because they were seen to be based on personal knowledge rather than on secondhand information or preconceived notions. It is recorded, for example, that, in order fully to appreciate the facts underlying complaints about working conditions, he worked himself as an ordinary 'benchm an' on one of the plants for over a week on the 6 a.m. to 2 p.m. shift. In the laboratory, too, he always led from the front and, when the occasion demanded, worked long hours which he helped to enliven by joining, noisily but out of tune, in the singing of the 'Volga boatm en', excerpts from 'Chu Chin Chow' and the works of Billy Marson. It was characteristic of Fleck that he could do this kind of thing and, at the same time, gain rather than lose in respect and dignity.
One of Fleck's convictions was that communications between management and workers should be two-way and that the latter should be given more information about the objectives and difficulties of the company as well as having a channel for bringing up their own complaints and ideas. He accordingly started regular meetings, with formal minutes, with the workers' representatives, an arrangem ent which was very similar to the Works Council Scheme which was to become universal in I.C .I. some years later. In these ways, what had been a hotbed of discontent was transformed into a happy little community in which the 'Doctor' could do no wrong. It was significant that, even in the General Strike of 1926, the Wallsend men remained at work.
From the early 1920s Dr Fleck's responsibilities were progressively widened and more and more of his time was spent away from Wallsend. He became a director of the Cassel Cyanide Company and, against con siderable local opposition, encouraged development work on larger cyanide pots and research into improvement of fuel and ammonia efficiencies and utilization of byproduct hydrogen. He correlated the research at Glasgow and the semi-technical work at Runcorn on the Ewan process for direct extraction of sodium from mercury cell amalgam; and it was largely as a result of his evaluation report on this project that it was eventually abandoned in favour of the Downs process.
The Castner Kellner Alkali Company had been loosely allied to Brunner M ond since 1916 and, when I.C .I. was formed in 1926, rationalization of parts of the alkali and related chemical industry was clearly called for. D r Fleck was mainly responsible for working out the plan to close the Castner Kellner Wallsend works, the United Alkali's factory at Gateshead and Cassel Cyanide's Maryhill plant and to combine their activities in new plant on a new site. The site eventually chosen was Billingham in preference to Western Point because of the availability of cheap electric power and of brine from the south Durham salt field. Fleck joined the Billingham staff as manager of the Alkali Division of what was then Synthetic Ammonia and Nitrates Ltd and was responsible for the planning, erection and the operation of the new works. Once again, he had much more than technical difficulties to worry about. Staff and workmen and their families had to be moved to Billingham from Glasgow and Tyneside and there were many human problems which only a man with his genuine interest and under standing could hope to solve. The fact that the great majority of these transferees settled down happily at Billingham is the best proof of his success.
In 1931, I.C .I. was reorganized on a divisional basis and the South Site at Billingham came under the control of a new General Chemical Division, a group largely concerned with manufacture of sulphuric acid and chlorine products. In addition to works on Merseyside and at Billingham, it controlled operations as far afield as Bristol, Glasgow and Birmingham. Dr Fleck was appointed to be its first Managing Director and he moved his home to Liverpool. During the next six years, under his energetic and popular leadership which stemmed from the qualities already shown at Wallsend and Billingham, this scattered organization became welded into a most effective coherent group.
Despite his many responsibilities, Fleck maintained close contact with research and development of new projects and was particularly interested in chemicals for use in agriculture and in those with biological effects. He was personally involved in an attem pt to develop hydrocyanic acid as a fumigant and, although this had no significant commercial results, the knowledge gained in dealing with this material helped a great deal in the subsequent manufacture of the im portant plastic-methyl methacrylate. The years with General Chemicals Division also saw a marked increase in Fleck's overseas activities. He paid many visits to South Africa, North America, Spain and the Scandinavian countries and, as well as endearing himself to the staffs of I.C .I. subsidiary and associate companies, made important contacts which were to prove to be of great value in the future.
In 1937, Dr Fleck returned to Teesside as Chairman of I.C .I.'s Billingham Division. Once again, he was to face an exceptionally difficult period in the Second World War, calling for all his acquired and instinctive skills in maintaining morale and enthusiasm of staff and workmen, to ensure maximum production of essential war materials. Design, Research and other staff not engaged on actual production were evacuated to safer premises, mostly in the Teesside area but some as far away as Windermere. Moreover, the administration had to cover not only the Billingham factory but also auxiliary plants, some owned by the Government, in places as far apart as Prudoe in North Durham, Dowlais in South Wales and Heysham in Lancashire. Travel was difficult but, with his terrific energy, Fleck managed to maintain contact with this dispersed staff and his unfailing cheerfulness and obvious appreciation of their difficulties provided them with great encouragement. Most of his time had, however, to be spent at the Billingham headquarters where the operational planning for the whole group had to be carried out on an almost day-to-day basis because of unpredictable difficulties in raw material supplies, in meeting new or modified demands and in the repair or improvization of manufacturing plant damaged by air attack. Billingham was a frequent enemy target and attracted well over a hundred high explosive bombs and thousands of incendiaries during the war. Fleck, as always, led from the front; he took his share of fire-watching and, when at home, was always on the scene immediately after an enemy attack.
No new purely commercial projects were, of course, embarked on during the war years but research continued on a reduced scale and Fleck kept in close touch with it. He also paid particular attention to the oil activities which had started after his first sojourn on Teesside. In 1935, a plant to produce petrol by hydrogenation of bituminous coal had been installed and it was later found that this product had special properties which made it admirably suitable for use in high-performance aircraft. During the war, production was, therefore stepped up by replacing coal by creosote oil as raw material and by erection, at Government expense, of a second plant at Heysham to treat aromatic petroleum gas oil. Special aviation spirit additives and components were also produced at Billingham involving the processes of pyrolysis, isomerization, alkylation and polymerization. Thus, at the end of the war, there was available at Billingham an extensive know ledge of hydrocarbon chemistry and of oil industry techniques ready to be applied to the production of organic chemical starting materials from petroleum feedstocks, once this became necessary.
W ith the end of the war in sight, it was obvious that a man with Fleck's abilities and experience of such a wide range of I.C .I. activities was destined for higher things and everyone was delighted when he was elected to the company's main Board in 1944. Thereafter, his progress was meteoric and he was made Deputy Chairman in 1946 and succeeded M r John Rogers as Chairman in 1953. Unfortunately, in another respect, this was also a period of great sorrow and worry for Dr Fleck. His wife's physical health had deteriorated to an extent that she could no longer take much part in his new and more public life or in his overseas visits and it was necessary for her to spend most of her time, quietly, in the country. This was a great blow; their close companionship meant a great deal to Fleck and he valued highly his wife's opinions particularly on people. He continued to have his main residence on Teesside and travelled there most weekends. Mrs Fleck died in 1955 having seen her husband reach the chairmanship of his company but, sadly, before the full national recognition of a career which she had helped so much.
Fleck's period as a director of the company was one of unparalleled growth and innovation, particularly as regards organic chemical products. The war had shown up the enormous potential use for synthetic materials such as plastics, fibres and detergents, provided that these could be m anu factured at a low enough cost. Moreover, this cost reduction was seen to be possible through the use of larger scale, more mechanized production units and the promise of almost unlimited availability of cheaper organic chemical raw materials derived from petroleum. I.C .I. was quick to take advantage of these opportunities; the new Wilton site was developed on Teesside, the first plant for production of ethylene and propylene by cracking petroleum naphtha was erected and, what then appeared to be huge manufacturing units for polythene, nylon, etc., came into operation. It was a period of tremendous scope for the industrial chemist and chemical engineer and Fleck was the ideal man to lead and encourage them.
The rate of expansion of I.C .I.'s overseas activities was similar to that at home and Fleck spent, on average, about a couple of months each year visiting these overseas territories including Australia, India, South Africa, North and South America and Canada. Everyone looked forward to these visitations because of his friendly informality, his almost boyish enthusiasm and his tremendous energy. He was eager to meet local business leaders, government officials and university men and to see developments outside as well as inside the company's field; for example, the Snowy River scheme in Australia and the Seaway in Canada. Whenever time could be found, he wanted to visit places of local historical or archaeological interest such as the first city of Delhi where he insisted on climbing the tower or the Ajunta caves where he unfortunately broke a leg. Arrangements for his visits were easy; no start was too early, no jeep too uncomfortable and no light plane too flimsy to get him to the places and people he wanted to see. Normally, Fleck took one and sometimes two personal assistants on these trips and, although they were often up to twenty years younger, it was usually they who showed signs of wear and tear.
Fleck's chairmanship, unlike that of some of his predecessors, was not marked by major changes in company structure or by amalgamations with other concerns. The difficulties of competition and wage inflation were not yet as intense as they were to become later and there were no serious financial problems. Apart from tremendous technical and commercial development, the period was notable mainly for consolidation of good relations inside the company. Fleck greatly enjoyed, and was at his best at, the twice yearly meetings of the Central Works Council which he chaired with humour, great good temper and an obviously sincere desire to improve the lot of all employees willing to pull their weight. He strongly supported the policy of giving the more qualified staff, whatever their basic discipline, the oppor tunity to broaden their experience by moving to a succession of different but related jobs. This made the work of many staff more interesting and meaningful; it led to improved understanding and cooperation between departments; and to the development of a succession of competent executives within the company.
At the top, as in his earlier positions, Fleck was neither a dictator nor a mere figurehead. He made his own firm decisions on major matters but always after carefully weighing up the views of his colleagues. He did not interfere in other people's responsibilities but he was readily accessible to senior staff of headquarters, the Divisions and overseas companies to hear of their work at first hand and to advise on their problems. Fleck probably knew and had a personal influence on more people in the company than any other chairman.
Sir Peter Allen, in a letter to The Times after Fleck's death, described him as a wise and good-tempered father of a very large family. This is just how Fleck himself would have wanted to go down in the company's history.
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Public service with regard to other industries
Even while his responsibilities with I.C .I. were at their heaviest, Fleck found time and energy to chair a num ber of very difficult official enquiry committees for various government departments. The first was the Coal Board Organization Committee appointed by the Minister for Power in 1953 and sitting for more than a year. Fleck quickly realized that the main trouble with the nationalized coal industry was the absence of a sufficient num ber of staff with a combination of the necessary detailed knowledge and skills, general managerial ability and experience of working together as a team, and that organization alone, could do no more than provide a setting for the development of such people inside the industry. The com mittee recommended, inter alia, that the Coal Board should be reorganized to include representation of all the departments, namely Production, Marketing and Purchasing, Industrial Relations, Staff, Finance and Scientific and Medical; and that there should be corresponding representa tion at Division and Area levels. The duties at each level should be clearly defined and authority should be progressively greater the higher the level, this being marked by suitable differences in the remuneration of the persons responsible.
Fleck continued his association with coal and other sources of energy by chairing the Advisory Council on Research and Development of the Ministry of Power over the period 1958 to 1965, and did his best to achieve a reason able co-ordination of the research activities of the rival coal, gas and electric power organizations. He was also appointed to the Advisory Council on Scientific Policy by Lord Hailsham, the Minister for Science, in 1959. Following the accident at the Atomic Energy Establishment's No 1 pile at Windscale in October 1957, the Prime Minister, the R t Hon. Harold Macmillan, appointed Fleck to the onerous task of chairing three com mittees to enquire respectively into the organization of certain parts of the Authority, the organization for control of health and safety and the design and operation of the Windscale piles. Fleck's quick grasp of the abstruse scientific and technological features involved was a main factor in enabling the Committees to complete their work at a commendable speed.
The report on general organization, published only two months after the accident, concluded that the main fault was that existing arrangements provided too poor a standing and inadequate support for the Operating Branch of its Industrial Group. Too many of the abler staff available had preferred and had been allowed to work new projects in the Research and Development Branch and the close gearing of Authority salaries with civil service remunerations had prevented recruitment of experienced plant and works managers from other industries. An improved organization for the Operating Branch, providing for an increased number of senior posts, was recommended.
The committee on Health and Safety reported in January 1958 and, again, recommended a substantial increase in the number of qualified staff and an integrated organization to cover the requirements of the Authority as a whole. The report of the third committee was delayed until July 1958 pending the availability of research information on Wigner energy release for which it recommended a standard planned procedure. It also made detailed suggestions about temperature measurement in graphite and fuel elements and drew attention to the need for precautions when introducing xtraneous materials into piles, for example, for the production of isotopes.
Following these enquiries, Fleck was made chairman of a new Nuclear Safety Advisory Committee, a position which he retained until 1965. The work involved visits to all nuclear installations which the staff concerned soon came to look forward to because of Fleck's acute and constructive questioning and his friendly informality. Dr T. E. Allibone, also a member of N.S.A.C., writing to The Times after Lord Fleck's death, observed that 'his approach to the station staffs was so warm that they were at once made to feel that the Committee was not the Inquisition but a body of men, seekers after the truth desiring to share in the problems'.
Towards the end of 1957, the Home Office appointed Fleck to chair yet another committee of enquiry into something equally complicated but quite different, namely the fishing industry. A most comprehensive report was published early in 1961 after more than fifty formal meetings and many visits to fishing ports, inland distribution centres, research establishments, etc., in Germany and Belgium as well as in the United Kingdom. It con cluded that the industry would need to have continued assurance of some sort of subsidy for at least ten years but recommended that this assistance should be given in ways which would not distort, as had been the case in the past, the influence of economic forces on the industry's structure. The Committee also recommended that the general co-ordination of the industry should become the responsibility of a single Sea Fisheries Authority which would replace the existing White Fish Authority and the Herring Industry Board; that regulations concerning the number and qualifications of ships' officers should be tightened, and that a vigorous effort should be made to improve fish handling at ports by voluntary action of existing bodies before considering more radical changes.
In addition to his government appointments, Fleck became a member of the Board of the M idland Bank in 1955 and Chairman of the International Research and Development Company in 1963, retaining both these appointments until his death.
His experiences outside I.C .I. confirmed Fleck in his view that the basic requirements for the successful operation of large production industries were much the same whether they were under private enterprise or national ized or subsidized. He considered that one of the more important needs was for an organization and staff policy which enabled an industry to develop its own leaders, internally from staff of varying original disciplines, by giving them successive opportunities to widen their experience. He certainly thought that science or technology was as good as any other initial discipline and he sometimes, partly jokingly, suggested that they were the best. For example, he had a tremendous regard for Lord McGowan but when on one occasion, he was asked if he did not consider McGowan to be the most wonderful man he had ever met, his reply was: 'Aye he's no so bad for a non-technical m an.'
Educational and scientific institutions
Fleck kept in close touch with university affairs and took an active part in many scientific institutions and societies. Before leaving Billingham, he was a member of the Council of the Durham Colleges and was particu larly interested in the historical researches into Bede and the early English chroniclers. Later, in London, he was chairman of the medical school of Westminster Hospital and a member of the hospital Board of Governors. He was also a Trustee of Churchill College at Cambridge.
Fleck was elected to the Fellowship of the Royal Society in 1955, a distinction which he valued above all others, and he became its Treasurer and a Vice-President in 1960.
He was President of the British Association for the Advancement of Science in 1958 during which year there were several happenings which gave him particular pleasure. At the Association's annual meeting in Glasgow he was invited to unveil a plaque commemorating the work of Soddy, his old professor. Fleck was much moved to find that the plaque included his own name, together with those of Cranston, Hitchins and Hyman, as Soddy's collaborators and, delightedly, remarked to Cranston: 'It's no every man gets his name on a brass plate before he's deid!' Also in 1958, Fleck got a tremendous thrill out of participating in the Duke of Edinburgh's tour of the scientific establishments of India.
After a close association with the Society of Chemical Industry since he joined it in 1917, Fleck became its President in 1960. During his two years in office, he gave much thought to the Society extending its activities in ways which were particularly appropriate to its Charter and constitution. His most important proposal was that the Society should undertake or sponsor investigations into matters which were the concern of the industry generally and which affected the welfare of the community at large. Air pollution was chosen as a first subject and a comprehensive monograph was published by the Society in 1966. This activity continues; a further mono graph on 'W ater in the chemical and allied industries' appeared in 1970 and work is now in hand on a study of disposal of plastics waste.
During his Presidency, Fleck was instrumental in raising a fund, actually named the Fleck Fund, which enabled some hundred young members to attend the Society's Annual General Meeting in the United States. In 1963, Fleck succeeded Lord Brabazon as President of the Royal Institution and remained in that position until his death. It was a period of great activity and change for the Institution and his wise and tactful leader ship of officers and managers had much to do with securing Professor Porter as successor to Sir Lawrence Bragg as Director. He also presided over a very successful appeal which raised about £280 000 for the rebuilding of laboratories and other needs.
H onours and distinctions
Fleck was never ambitious for honours or manoeuvred for them in any way; nevertheless, they came to him, thick and fast, particularly in his later years. He never flaunted them but, at the same time, he made no pretence to his friends that he did not value them highly.
His first recognition was the honorary degree of LL. The photograph is by W alter Bird, F.I.B.P., F.R.P.S. 
